Neuroendoscopic third ventriculostomy is becoming increasingly popular as the primary mode of therapy for patients with noncommunicating hydrocephalus. In this article the author reviews the procedure and its indications, and highlights its complications. It can, without doubt, be recommended as the first line treatment for hydrocephalus and also in cases in which shunt malfunction or infection occurs.
NEUROENDOSCOPIC INSTRUMENTS
There are essentially two schoolsof thought regarding the usage of neuroendoscopes: those who use flexible and those who use rigid endoscopes. Both types of endoscope have advantages and disadvantages. Today's instruments are purpose built, and the fundamental differences between them are small.
Optically rigid endoscopes have always been better than those that are flexible, but flexible endoscopes have been improved. Flexible endoscopes are more expensive than rigid endoscopes because of the fiber optic technology used. The flexible endoscope is more versatile than the rigid endoscope because it allows access to almost the whole of the ventricular system (although it is easy to become disorientated), whereas the rigid endoscope only provides safe access to structures along its path of insertion. Rigid endoscopes tend to be of greater diameter than flexible endoscopes, which allows for larger more robust instrumentation. However, the standard instrumentation available for both types has improved markedly.
Once an endoscope has been selected, other challenges must be met. Not only must the surgeon be trained to use it but the operating room staff need to be trained in the care of the instruments as well as the ancillary equipment used with them.
The specific required instrumentation is largely dependent on which procedure is being undertaken. For example, to perform an NTV one must chose between using: rigid or flexible endoscopes; stereotactic image-guided, intraoperative ultrasound-guided or essentially free-hand systems; and the use of laser, diathermy, scissors, or a balloon to create the ventriculostomy. Similar considerations have to be made for other neuroendoscopic procedures.
Good irrigation is essential to the success of all neuroendoscopic procedures, as is the use of good-quality camera and video systems.
IMAGING ASSESSMENT
Preoperative imaging is essential. The quality of magnetic resonance imaging exceeds computerized tomography scanning in anatomical detail, and it is this detail that is required in the treatment of hydrocephalus by neuroendoscopic techniques. A MR image can demonstrate membranes, cerebrospinal fluid (CSF) flow voids, and the position of blood vessels. [17] Evaluation of imaging studies will also indicate whether the NTV technique can be used. Very small ventricles and small foramina of Monro, for instance, are difficult to place an endoscope in, and preoperative imaging studies would indicate this.
Postoperative assessment of ventriculostomy patency and CSF flow is also possible. [18, 19] In infants with open anterior fontanelles ultrasonography can be performed, and color flow Doppler ultrasound elegantly demonstrates flow through the ventriculostomy in successful cases. [35] The postoperative size of the ventricles appears to have no correlation with outcome because some cases with smaller ventricles can fail, whereas some with larger ones can actually be successful. [3] NEUROENDOSCOPIC THIRD VENTRICULOSTOMY Neuroendoscopic third ventriculostomy has become the most common neuroendoscopic procedure. Although it is an internal CSF-diversionary procedure best suited to noncommunicating hydrocephalus, it has had some unexplained success in communicating hydrocephalus. [3, 4] The technique used in our surgical unit involves drilling a right-sided, precoronal burr hole in the pupillary line, insertion of a peel-away trocar into the lateral ventricle; insertion of a flexible endoscope and passage of the endoscope through the foramen of Monro; identification of the anatomical landmarks on the floor of the third ventricle; production of the ventriculostomy by using diathermy; enlargement of the hole by using a balloon catheter if necessary; and passage of the endoscope through the ventriculostomy to ensure it is of adequate size and also to identify any second membranes that might lead to technical failure of the NTV.
The most important considerations are the proper position of the precoronal burr hole so that direct-line access to the third ventricle is enabled; passing the endoscope through the foramen of Monro without damaging the thalamostriate vein, fornix, or choroid plexus; and selection of the position on the floor of the third ventricle for the ventriculostomy.
Instead of it performing a virtually free-hand procedure, some authors use stereotactically guided NTV, [14] frameless stereotaxy, [10] or ultrasonographic guidance. [26] The more rigidly the endoscope is held the less flexible it is. Concerns regarding stereotactic procedures include brain shift once the ventricles are entered, thereby rendering the coordinates and calculated trajectories inaccurate. In the light of these drawbacks, the advantages of ultrasonography or realtime neuronavigational techniques are obvious.
The anatomical landmarks on the floor of the third ventricle are identified. Preoperative imaging studies should be used to guide the surgeon to the location of the basilar artery (BA) in relation to the mammillary bodies and the floor itself. Anteriorly, the area vasculosum, indicating the origin of the pituitary infundibulum, is seen as are the mammillary bodies posteriorly. In using the flexible endoscope, the origin of the sylvian aqueduct can also be seen, and in the case of aqueduct stenosis, its closure can be confirmed. The third ventriculostomy is then made anterior to the mammillary bodies, as close to the clivus as possible, posterior to the area vasculosum, avoiding the basilar artery. In many cases of established hydrocephalus the floor will be a thin membrane through which structures are visible. In cases of postmeningitic hydrocephalus or dysmorphic brains, the structures of the floor may not be easily recognized. The use of microvascular Doppler probes enables the artery to be identified and, therefore, not damaged.(Schmidt [31] and Vloeberghs, et al. [37] ).
The third ventriculostomy itself is achieved by various techniques. Pushing the tip of a rigid endoscope through, [16] diathermy, [3] laser, [36] balloon-tipped catheters, [32] or saline torch [13] have all been reported.
Passing the endoscope through the ventriculostomy ensures that it is large enough and that any second membranes, such as Lilliequist's membrane, can be seen and opened to avoid technical failure. [5] In cases in which the second membrane was not initially recognized it can be dealt with at a second NTV.
To confirm that flow is successfully achieved the endoscope is withdrawn a few millimeters, irrigation is ceased, and the frondlike edges of the ventriculostomy are observed wafting back and forth like plants in the sea. [3] In our unit we have analyzed a series of patients in whom endoscopic procedures were performed. Of special interest has been the fate of NTV in young patients because of the myriad of problems caused by shunts in this age group; these results have been previously published. [3, 4] In our unselected series of patients of various ages presenting with hydrocephalus of mixed causes, the success rate of NTV was 57% overall (N Buxton, unpublished data), whereas others have reported a success rate of 61%. [15] Of those patients with noncommunicating hydrocephalus alone (secondary to aqueductal stenosis or tumor), treatment failed in six of 31 patients; thus, an 81% success rate was achieved (N Buxton, unpublished data). When the patients with communicating hydrocephalus are included, the success rate decreases. In one series published by this unit, [4] for example, in 81% of patients with communicating hydrocephalus treatment failed. However, why the therapy should succeed in any patients with communicating hydrocephalus remains unexplained.
The advantages of being able to perform this procedure are that the patient is relieved of the burden of having a shunt and therefore its associated morbidity and mortality. [23] There are also economical advantages associated with NTV. [2] Complications of NTV are increasingly being reported, some of which are associated with damage to blood vessels during the creation of the ventriculostomy, and they include BA perforation that produces a pseudoaneurysm, [1, 21] fatal subarachnoid hemorrhage, [32] and traumatic pericallosal aneurysm. [7] Other complications include near-fatal cardiac arrest, [12] infection, epilepsy, and intraoperative hemorrhage. [24] Complication rates have been reported to range between 15 to 20% of cases in which NTV is performed. [3, 34] Experience with this technique will lead to fewer complications.
Follow-up review of these patients indicates that failure can be expected to occur between 1.2 and 1.36 months (range 0-4 months), [3, 4] and that after this time, long-term success can be expected. [6] 
NEUROENDOSCOPIC THIRD VENTRICULOSTOMY IN PATIENTS WITH SHUNTS
This technique is performed in exactly the same way as in primary NTV for hydrocephalus, that is, in those patients who have not undergone previous treatment for hydrocephalus.
In patients in whom shunts have been previously placed, and who present with malfunction or infection, NTV has been reported to have a 76.7 to 77% success rate. [6, 20] In these patients the shunt is removed or tied off after the procedure to encourage its patency. The French series [6] is spread over a longer time-frame than that of ours, [20] and those authors used different techniques to achieve the same end. Both series demonstrate that in anatomically suitable patients NTV procedures can be successful, regardless of the original cause of hydrocephalus, thus relieving patients of the burden of a shunt.
CONCLUSIONS
Neuroendoscopic third ventriculostomy is undoubtedly of value in the treatment of hydrocephalus. It is best suited to cases of noncommunicating hydrocephalus such as in aqueductal stenosis or secondary to tumor, and good success rates are achieved in myelomeningocele patients. [33] Although the treatment of communicating hydrocephalus by NTV theoretically should not work, in some patients it appears to do so. In some patients in whom shunts have been placed for communicating hydrocephalus, such as in posthemorrhagic hydrocephalus, NTV performed subsequent to shunt failure is successful. One can only assume that this is due to subsequent maturation of undamaged arachnoid granulations, coupled with closure of the sutures, allowing the build up of a sufficiently large pressure gradient to create CSF egress.
As a tool for the treatment of noncommunicating hydrocephalus NTV is to be recommended as the primary therapy as well as in those who have undergone previous shunt placement. However, because the complications can be severe, it is not a technique for the occasional endoscopist.
